SFUND RECORDS CTR

46800
Tetra Tech EM Inc.
135 Main Street, Suite 800 e San Francisco, CA 94105 o (415) 543-4880 « FAX (415) 543.5480

February 3, 1998

Mr. Kevin Mayer

Associate Chief

Superfund Site Cleanup Branch
75 Hawthorne Street, SFD-7-2
San Francisco, CA 94105-3901

Subject: Potential Perchlorate Treatment Technology

Dear Mr. Mayer:

As discussed, I am forwarding to you information regarding an innovative treatment technology called
capacitive deionization. The vendor for this technology, the Far West Group, believes that it may be
an applicable perchlorate treatment technology.

If you should have any questions or are interested in receiving additional information, please feel free
to contact me at 415/222-8201.

Sincerely,
W
JillY a

Environmental Engineer

enclosures

i+ contains recycled fiber and is recyclable
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A NEW WAY TO CONCENTRATED WASTE WATER!!!

Introducing

Capacilive Dewrwgat’ww

Using Highv Efficiency
Electrodes

“Solid State Water Purification”

FAR WEST

Group. [nc. Tucson
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WATER CONTAMINATION, A GLOBAL CONCERN

¢ Protecting the quality of our water resources is critical to sustain
life into the future. \

» Industry of past decades has contammated the world’s sub terralman
water deposits.

» Industry of today understands the problem and must remove
contaminants before returning process water to the ground.
¢ The CDI process developed by Lawrence Livermore National
Laboratory and Licensed by the FarWest Group is a water
preservation tool. .
» Contaminated ground water can be cleaned and returned.

» Industrial waste streams can be cleaned for recycling leaving highly
concentrated effluent for efficient disposal.

FAR WEST

19197 2
Group, Inc. Tucson
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THE AMMONIUM PERCHLORATE PROBLEM

¢ Early experiments at LLNL investigated the suitability of CDI
for removing Ammonium Perchlorate from process water. In
this instance generated during decommissioning of missiles.

.- Ammonium perchlorate (NH,ClO,) is a strongly oxidizing,
corrosive salt used in the manufacture of solid rocket
propellant.

¢ The CDI process separates the NH4 and C104 ions which are
collected on negative and positive electrodes respectively.

— Tons are discharged into a waste stream by grounding the

electrodes.

» The waste stream can be used during many electrode discharge
cycles to produce a highly concentrated effluent .

FAR WYES

3
1/9/97 Group, Inc. Tucson
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TEST RESULTS

¢ 50ppm Ammonium perchlorate experiments by LLNL

» 5 litres at 2 ppm were produced using one pass over 39 square feet

¢ .15 litres of 41,000ppm chloride and sulfate process water
experiments by Far West |

» process water containing sulfuric acid, hydrochloric acid and sodium
hydroxide at 41,000 ppm total dissolved solids was tested in our
small demonstrator

» 3 passes over 4 square feet of aerogel reduced the total dissolved
solids to 560ppm

¢ electodes were cleaned between runs

FAR YWEST

719197 4
Group. Inc. Tucson
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SAMPLE EVALUATION

¢ The most effective method of determining the Sl.lltablllty of CDI
to any application is by sample testing. |

¢ For us to perform a “first glance” evaluation using the
demonstrator we need

- a water sample (1 litre)

- an analysis of the sample

-- a listing of requirements for the “clean” water
¢ For detailed study of a problem we need

- knowledge of water production rates ‘o

- a study contract

FAR WEST

| | s
1/9/97 | Group, Inc. Tucson
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Craig Savoye (SOURCE]) FOR IMMEDIATE RELEASE
Phone: (510) 422-9919 January 7, 1997
E-mail: savoye1@linl.gov NR-97-01-01

FIRST COMMERCIAL LICENSE FOR HERALDED
DESALINATION TECHNOLOGY

LIVERMORE, Calif. — Lawrence Livermore National Laboratory and Far
West Group, Inc., a water resource management com;');hj? with headquarters in
Tucson, Arizona, have signed the first licensing agreement to commercialize a
promising Laboratopy desalination technology. ]

Capacitive deionization (CDI) created a flurry of interest when initial
proof-of-principle test results were announced by the Laboratory two years ago.
The key to CDI is the use of carbon aerogel, a material that has an enormous
surface area. Solution is passed between closely spaced pairs of carbon aerogel
electrodes. Ions such as sodium and chloride are removed from the flow and
held in an electric field on the surface of the aerogel.

“We've been nurturing this technology for several years,” said Jeff
Richardson, of the Laboratory’s Chemical and Materials Science Program
Development Office. “We believe we've advanced it to the point where there is
now an acceptable level of development for companies seeking to commercialize
CDI. At the same time, finding the right first licensee was critical. We are
confident the technology is in good hands at Far West Group, where |
enthusiastic and aggressive management is committed to making this a
success.” . |

“To borrow a term from the electronics industry, CDI is solid state water
treatment,” said Clai'k Vaught, CEO of Far West Group. “The challenge in front
of us is to bring systems to market with a lower pricejtag than competing

technologies.”
CDI units as constructed by the Laboratory consist of rectangular stacks

df pancake-thin titanium plates onto which the paper-thin aerogel is glued on
both sides. The water to be purified snakes its way down through the stacks.
When fully commercialized, these stacks may total in the tens of
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thousands of electrodes, depending on the salinity and volume of the water to '
pe purified. When the aerogel is “saturated” with contaminants, the voltage on

the electrodes is reversed and the ions are dumped into a small waste sream.

One of the keys to commercialization of CDI is reducing the cost of
manufacturing the aeroge!l. Although it is believed that mass produczon would
lower such costs to less than $1 per square foot, it currently costs
approximately $16 per square foot to produce carbon aeroge! in tes: quantities.

Far West Group is addressing this challenge head-on by also licensing the
production of carbon aeroge! to ensure a steady and low cost suppiyv for its
internal use. The 1%-year-old company, which became a public. corporaton in
19635, will simultaneousiy establish aerogel manufacturing capability and develop
purification systems using aerogel from Laboratory stock. Such an approach
would allow the’company 10 quickly produce a demonstration unit for potential
cuszomcrs/ while also. providing a test bed for engineers to gather pezormance
cdata.

Providing simple water treatment to underdeveioped countries nas been
identified by Vaught as a key corporate interest. Consequenty the &rst fleld
demonstraton of the tecanoiogy by Far West Croup is expected to tzke place in
Uzbelkistan later this year. '

When the Laboratory first announced CDI in December 199« it had less
than 300 square feet of hand-made carbon aerogel on hand. The limized
availability restricted the scope of testing, since a small stack of aeroge!
electrodes can only cleanse slightly brackish water before the aeroge! is
saturated. In the last two years, Livermore has increased its volume of aerogel
to 4,000 square feet. This in turn has allowed the Laboratory to test water with
concentrations of impurides on the order of 1,000-3,000 parts per =illion (the
tvpical definition of “bracidsh” water).

-end-

Laborator news releases acd saotos are also available elecorically on the Woric Wide Webd
of the Interner at URL hoop://==w.llnl.gov/PAO, oo NASW in Compuserve's Jouszaiism
Toraz= a=d on UC Newswire.

Far West Group. Inc. - NASDAQ (FWST)
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Carbon-Aerogel Capacitive Deionization of Water
An efficient, economical process for purifying water

should drop considerably as their use i this and
other applicadons increases. Some cf the energy
used in ion removal can be recovered during
regeneragon, mproving overall energy efciency.

apacidve deionizadon (CDI) with carbon-

acrogel elecrodes is an efidentand

economical new process for removing salt
and impurides from water. In the process, water

is passed between elecrodes keptaca potendal

diference of about one volg
uom'cduciblc and nonoxidiz-

s»>"" Jble ions are removed from

the water by the imposed elec-
wosadc Seld and held at the
eleczode surfacss. When the
elecTodes become samurated
with salt they are elecxostaa-

Advantages -

The system has a simple, zodular, plaze-and-
frame construcdon. It uses stmple elecrosaric
regeneradon, compared W ion<xchange
systems that require acids, tases, or salt soludons
for regeneration. CDI does zot require the use of
membranes or high-pressure sumps, which
means the equipment is much more resis@nt ©

: - clly “regenerated,” releasing the effects of corrosive liquids (used to remove
the sals into a concenmated scale) than in other methocs. And, (DI is more
" purge szeam. energyeficient than compedrg wchnoiogies—
Carbon-acroge! elecrodes far more efficent than thermal processes.
have excellent smbility in harsh Ourd.cmonsmdonsvste:nb.zs:’ghtc:ﬂs.
ckemial condidons and a vexy conmining 384 pairs of crbon-aerogel elecaodes
high specfic surface area with a toal surface area of zore than two billion
(600-1000 square meters pex square centmeters (about 34 aces); yet the
gram of acrogel), which enables  system occupies only a few cabic feet of space.
the design of robust yet compact Energy . Brackisn water (salt content
and refined dnnbng purifving systems. Carbon of 800-3200 parws per million (ppm]) is conven-
water Teagment . aerogels were developed at tonally purified using elecodialssis or reverse

osmeosis. Carbon-aerogel CDI uses 10-20 dmes
less energy per gallon of purfed wazer © achieve
the same results. Purificadon of brackish water is
an exremely important powadal applicadon of
this technology.

For purifying seawater (32,000 ppm salt),
carbon-aerogel CDI is just as energpefficient as
reverse osmosis, but without the need for costy
and woublesome membranes.

LINL, and are now in commer-
cai production. Their cost

Availability: The CDI pateatwas issued in
1995. The Laboratory is aczvely looking for
induswrial parmers with woom to further
develop and scaleup the echnology.

Contact

eff Richardson

Phone (510) 423-3187
Fax: (510) 4234967
E-mail: nchardson6@Unl zov
Maii code: L-353
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Positive siectrode
ir ire T2 crocess. saity water enters scace Setwesen {wo arton-
3ercge! elecTcces: etecrostang fleld trees sceium arg cnicnne icns
IRz dercge. where meyare heid (iInsel; pure wacer leaves e
$Saca Tetwnesn (Ne elecTodes.



